Abstract-In this letter we present a transmit antenna correlation in spatial multiplexing systems with channel state information at the transmitter (CSIT) of a multiple-input multiple-output (MIMO) correlated channel. Indeed, high correlation degrades system capacity and performance. Most related work has thus far considered in the statistical channel model such as Kronecker model with an approximate Toeplitz form of the transmitter or receiver side correlation for measuring the Power Azimuth Spectral (PAS), but channel capacity has not been well studied. The Toeplitz assumption of the correlation matrix restricts the actual configuration of MIMO systems to a linear structure for a uniform linear array (ULA). Therefore, we only propose an optimal circulant assumption of a novel transmit correlation matrix in this letter to significantly reduce arithmetic complexity and spectral norms. We use this result to maximize ergodic capacity and minimize average bit error rate (BER) in spatial multiplexing (SM) systems with a zero-forcing (ZF) linear receiver. Simulation results show that the proposed method can achieve significant performance enhancement versus conventional equal power transmission.
I. INTRODUCTION IMO technology offers significant capacity gains as well as improved diversity advantages and link robustness [1] - [2] . During the practice of diversity and multiplexing techniques, MIMO systems exploit the spatial components of the wireless channel such as beamforming (BF), spatial multiplexing (SM) and space time/ frequency code [3] - [4] to exploit the channel characteristics in different ways. The utility and performance of a MIMO system depend on the channel characteristics. For example, a high degree of spatially correlated MIMO channels are well known to offer robust diversity based schemes like BF and should be employed. For other views, rich scattering SM methods yielding high spectral efficiencies are more appropriate. The spatial correlation across the antenna array elements This paragraph of the first footnote will contain the date on which you submitted your paper for review. It will also contain support information, including sponsor and financial support acknowledgment.
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affects the capacity [5] - [6] and error rate performance of MIMO systems. In [7] , the authors obtain different interesting upper-bounds to the average capacity under uniform transmit power allocation and correlation at either the transmit or the receive side as well as in both sides. Authors [8] have shown that the channel covariance matrix is the Kronecker product of the covariance matrices of the transmit and receive antennas. The tradeoff performance among various multiplexing and diversity schemes is well-studied [9] . The most reliable techniques such as the adaptive method have been described [10] - [11] . Results for the capacity of different types of channel state information at the transmitter or receiver are known or unknown [12] - [13] . In [13] showed that in a single user system when transmitter does not know the CSI, the optimum transmit covariance matrix is proportional to the identity matrix that is full-rank. In [14] the authors showed that the channel capacity of a MIMO channel increase linearly with the minimum number of antennas used at either the transmit or receive side. The asymptotic uniform power allocation capacity of frequency nonselective MIMO channels with fading correlation at either the receiver or the transmitter has been investigated [15] . The most important related paper [16] has depicted the transmit antenna selection in spatial multiplexing systems with CSIT and ZF linear receiver operations. However, all of these related works [15] - [16] do a poor job of studying the shape of the transmit correlation matrix. Therefore, we studied the MIMO correlated channel with a novel transmit correlation matrix only and a low complexity closed-loop capacity. This result treats in the SM technique with a ZF linear receiver. This paper is organized as follows:
First, we investigate the channel model and problem formulation in Section II. We then present the novel transmit correlation matrix in Section III. In Section IV we use this result to derive the maximize ergodic channel capacity and minimize average BER. The ergodic capacity of such a MIMO system, without CSIT at the transmitter, is given by [13] - [14] and [17] 2 0 log det
where input covariance matrix, [11] for SM transmission and equal power allocation across the T n transmit antennas in this letter. In the presence of fading correlation in the MIMO channel, the most usual models presume that the fading is induced by separate physical processes at the transmitter [15] - [16] . This leads to the channel matrix being modeled as 1 
In particular, the use of a uniform linear array (ULA) at the transmitter antenna correlation matrix R makes an approximately Toeplitz assumption [18] that is defined as follows:
i.e., a matrix of a form in [19] - [20] . However, in the general treatment of the R matrix, we refer the reader to [19] [20] [21] . Using this definition, we model the proposed transmit antenna correlation matrix in the next Section III.
III. THE NOVEL TRANSMIT CORRELATION MATRIX
The Toeplitz form of matrix R restricts the actual configuration of the system to a linear structure for a uniform linear array [15] because it has high arithmetic complexity and spectral norms. To overcome the structural restriction of the transmit correlation matrix R , we first recall Lemma 1 as follows:
Lemma 1: For all Toeplitz assumptions of n n × correlation matrix R that possess a sum of two circulant matrices and are given by R=A+B (4) where
is a n n × right circulant 
IV. ERGODIC CHANNEL CAPACITY AND AVERAGE BER AT THE TRANSMITTER SIDE CORRELATION
We investigate the derived results in this section to implement the transmit antenna correlation by the closed-loop (CL) expression in a SM system and ZF linear receiver for maximizing ergodic channel capacity and minimizing the average BER including CSIT and equal power allocation at the transmitter. Thus, substituting (5) 
In (6), H F w has the same distribution of H w [13] . Therefore the ergodic channel capacity (6) become 
where,
and define from [13] , , n and max n . Thus, the ergodic channel capacity (7) for closed-form system using CSIT can be written as [11] and [16] ( )
where k g is the conditional post-processing SNR for the k th − stream. For the ZF linear receiver, k g is given by [11] and [16] ( ) ( ) The k g has a probability density function (pdf) [11] and [16] for the ZF linear receiver with transmit correlation ( ) ( )
The performance of a digital system is eventually obtained by the fraction of bits in error. Thus, the expected average symbol error probability (ASEP) at k th − stream is given by [26] {
where
is the Gaussian assumption of symbol error probability (SEP) in [26] - [27] , α and β are constants that depend on the signal constellation and (10) is generated by [16] and (15) system. We see an average gain of about 1.38 dB for ergodic channel capacity, and 1.76 dB for average BER, respectively. 
VI. CONCLUSIONS
In this letter we report the shape of the transmit antenna correlation matrix in spatial multiplexing systems for maximizing the MIMO correlated channel performance. The analysis of performance also points to the exact technique to perform transmitter designing for SM systems with ZF linear receivers. We will use this result in future studies.
APPENDIX

Proof (Theorem 1):
For the definition of R , A and B , we can show that the corresponding elements lead to a system for comparison by [24] - [25] 
where, where I stands for identity matrix, U H and V H are the complex conjugate to U and V , respectively. Therefore, it follows that the matrix
is called the Fourier matrix; F is unitary.
